The present study was conducted to evaluate the effects of mannan-oligosaccharides' (MOS) supplementation on hatching characteristics of four close-bred flocks (CBFs) of Japanese quail (Coturnix coturnix japonica) breeders. A total of 960 Japanese quail breeders, aged 12 weeks old, were randomly selected and divided into four groups (n = 240) with twelve replicates (n = 20) in a completely randomized design (15 ♂ : 5 ♀). The birds were a fed corn-based basal diet (group D) or basal diet supplemented with MOS at the levels of 0.25 % (group A), 0.5 % (group B) and 1.0 % (group C) for 15 weeks. The collected data were analyzed by two-way ANOVA techniques using Statistical Analysis System. The fertility and hatchability of 0.50 % MOS-supplemented group was significantly higher than other treatment groups. Similarly, fertility and hatchability percent of fertile eggs of Kaleem flock was significantly higher than other flocks, while dead in-shells were significantly lower in Sadat flock. Conclusively, MOS supplementation positively influences the fertility and hatchability of quail breeders.
Introduction
The application of antibiotic growth promoters (AGPs) in animal feeds has been banned by the European Union in 2006, as it caused side effects like antibiotic resistance and drug residues in meat (Verdonk et al., 2005) . Scientists and researchers are trying to find a safe and effective alternative of AGPs. Prebiotics, probiotics and symbiotics are considered to be useful alternatives to AGPs in animal nutrition (Shashidhara & Dewegowda, 2003) . Prebiotics are food constituents that are not assimilated by host enzymes and influence host performance by increasing the development of some useful microbes of the gut (Gibson et al., 2004) . They are the source of energy for the beneficial bacterial flora inhabiting the intestine like Lactobacilli and Bifidobacteria spp. (Dankowiakowska et al., 2013) . They also induce enhancement of beneficial bacterial populations of the gut by reducing pathogenic bacterial loads (Clostridium perfringens, Salmonella and Escherichia coli) (Lopes et al., 2013; Samanta et al., 2013; de Paiva et al., 2015) .
Mannan-oligosaccharides (MOS) are important prebiotics, which are being used as an alternative to AGPs in animal diets (Roberfroid 2007; Dankowiakowska et al., 2013) . They are natural components of the outer cell wall of various species of yeast, made up of mannose units and extracted from the cell wall of Saccharomyces cerevisiae (Spring et al., 2000) . The commercially available product Bio-MOS® (Alltech, Inc., Nicholasville, KY, USA) is a source of MOS and was introduced in 1993 as a feed additive for broiler chickens (Hooge, 2003) . Generally it is considered that MOS modify intestinal microflora, promote health of GIT, increase digestion and absorption of nutrients and thus stimulate the immune system (Halas & Nochta, 2012) . The MOS are not hydrolyzed by the host enzymes and fermented by intestinal microbiota (Lomax & Calder, 2009 ). These provide competitive binding sites for pathogens with mannose-specific type-1 fimbriae such as Salmonella and E. coli and decrease their attachment to intestinal wall and ultimately they are excreted from the gut. The MOS supplementation constantly increases the intestinal populations of beneficial Lactobacillus and Bifidobacterium spp (Yang et al., 2008) . Due to these benificial changes in microflora, the number of goblet cells and length of intestinal villi increases, and these promote health and function of the host gut (Rehman et al., 2009; Bonos et al., 2010; Vahdatpour et al., 2011) .
The MOS supplementation in feed has been shown to have a positive influence on fertility and hatchability of Japanese quail breeders (Güçlü, 2011; Abd El-Samee et al., 2012) . However, limited data are available on these phenomena. Therefore, this study was designed to evaluate the influence of MOS supplementation on fertility and hatchability of four close-bred flocks (CBFs) of Japanese quail breeders and to sort out the most feasible strain of quail in terms of better reproduction performance in Pakistan.
Materials and Methods
A total of 960, 12-week old Japanese quail breeders, of four CBFs namely, Major, Kaleem, Sadat and Zahid, were selected for experiment at Avian Research and Training (ART) Center, University of Veterinary and Animal Sciences, Lahore, Pakistan. Each strain-group was comprised of 240 birds and divided into four treatment groups (n = 60) named as A, B, C, and D, and then further replicated into three groups (n = 20) in a completely randomized design (CRD) (15 female + 5 male) according to pattern (4 strains x 4 treatment groups x 3 replicates).
The birds were housed in French-made multi-deck cages. Each compartment of cage provided separate feeding, drinking, breeding, and egg collection space to birds. The lighting programme of 16 L: 8 D was adopted for a 15-week trial. The birds were fed a corn-based basal diet prepared by Hi-Tech feed industries (Pvt.), Lahore, Pakistan, following NRC (1994) principles containing 2900 kcal/kg metabolizable energy (M.E), 20 % crude protein (C.P), 3 % calcium (Ca) and 0.4 % phosphorus (Table 1) or the same basal diet supplemented with different levels of MOS. Birds of groups A, B, and C were given basal diet with addition of 0.25 %, 0.5 % and 1.0 % MOS, respectively, while birds of group D were fed basal diet only and considered as control group. Water was provided through nipple drinkers and feed through trough feeders. Feed was added in feeders twice a day, in the morning and evening. Birds were fed quail breeder ration and had access to drinking water ad libitum throughout the experimental period. About 25 eggs from each replicate (total 1200) were collected randomly, weighed and kept in an Italian made (Victoria) incubator for hatching. After the completion of hatching, chicks were counted, weighed and their hatchability percentage was calculated following Anandh et al., (2012) and Dauda et al., (2014) using following formulae:
Un-hatched eggs were broken to analyze the dead germs, dead in-shells, infertile eggs and their percentage was calculated using the following formulas:
The experimental data were analyzed by applying Completely Randomized Design (CRD) under factorial arrangement using General Linear Model (GLM) procedures. Means were separated using Duncan's Multiple Range (DMR) (Duncan, 1955) test with the help of SAS (SAS, 2002-03) .
Results
The effects of MOS supplementation on hatching traits (dead germ percent, dead in-shell percent, infertile egg percent and hatchability percent in four CBFs of Japanese quail breeders (Major, Kaleem, Sadat, Zahid) recorded during the study are presented in Tables 2 & 3 . Our results indicated that dead germ percent was not affected by MOS supplementation in treatment groups, CBFs and in interactions between CBFs and MOS levels. The lowest dead germ percent was recorded in group B; however, it did not differ significantly (P <0.05) among other feeding groups (Table 2) . No significant differences were noted among dead in-shells in MOS-supplemented and control groups; however, it vary significantly among CBFs. Dead in-shells were lower in MOS-supplemented groups than in control group and among CBFs, the lowest dead in-shells were recorded in Sadat flock and the highest in Kaleem flock. Furthermore, no changes were observed among interactions between CBFs and MOS levels ( Table 2 ).
In the current study, significant differences in infertile egg percent were recorded in MOSsupplemented and control groups. The lowest infertility was recorded in birds fed with 0.50 % MOSsupplemented diet and the highest infertility was recorded in control group. Among CBFs, percentage of infertile eggs of Kaleem flock was significantly lower than other flocks; however, the highest infertility was recorded in Sadat flock. Significant differences were recorded in interactions between CBFs and MOS levels. The lowest infertile egg percent was found in B group of Kaleem flock and the highest in A group of Sadat flock (Table 2) .
Hatchability percent of total eggs set was different significantly in MOS-supplemented groups as compared to control. The highest hatchability percent of total eggs set was recorded in birds fed with 0.50 % MOS-supplemented diet compared to all other groups and the lowest was recorded in control group. Nonsignificant changes were recorded in hatchability percent of total eggs set among CBFs. Significant differences were recorded in interactions between CBFs and MOS levels. Hatchability percent of total eggs set was significantly higher in group B of Zahid flock and the lowest in the control group of the same flock (Table 3) . The hatchability percent of fertile eggs was different significantly among MOS-supplemented groups compared to control. The highest hatchability per cent of fertile eggs was recorded in birds fed with 0.50 % MOS-supplemented diet and the lowest in control group. Similarly significant changes were recorded in hatchability percent found in the fertile eggs among CBFs. Hatchability percent of fertile eggs of Kaleem flock was significantly higher than that of other flocks, and the lowest was recorded in the Sadat flock. Significant differences were recorded in the interactions between CBFs and MOS levels. Hatchability percent of fertile eggs was significantly higher in B group of the Zahid flock than in the other groups and the lowest value was recorded in control group of the same flock (Table 3) .
Discussion
Egg weight, egg size and quality, health and nutrition of breeders are the most important factors that affect hatchability and fertility (King'ori, 2011) . Results of the present study indicated that MOS supplementation did not significantly affect some hatching characteristics such as dead germs and dead inshells percent in any treatment group. These findings are different from the findings of Shashidhara & Dewegowda (2003) who reported that MOS supplementation significantly lower dead in-shells percentage. Similar findings were reported by Hajati et al. (2014) . They described that prebiotics and probiotics supplemented-diets results in reduction in dead in-shells percent of breeders in MOS-supplemented groups than that of control. De Lange et al. (2007) reported significant reduction in percentage of dead in-shells and infertile eggs of Ross broiler stock when fed with MOS-supplemented diet. CBFs: Close-bred flocks; MOS: mannan-oligosaccharides Furthermore, the hatchability percentage was increased in the current study with significant reduction in percentage of egg infertility in MOS-supplemented groups than that of control. The lowest infertility was recorded in birds fed with 0.50 % MOS-supplemented diet compared to all other groups and the highest infertility in control group. This reduction in infertile egg percent might be due to the production of healthy eggs with better quality as MOS can enhance nutrients' absorbance necessary for production performance. These findings are consistent with those of Abd El-Samee et al. (2012) , who concluded that bioplex zinc alone or in combination with MOS-supplemented diet significantly improve fertility and hatchability of laying quails. Similar findings were documented by Considine (2000) in broilers breeder in Brazilian environment and Shashidhara & Dewegowda (2003) in Indian conditions, while Güçlü (2011) documented a slight increase in egg fertility and hatchability due to dietary supplementation of prebiotics. They further added that dead in-shells and infertile eggs percentage were lowered by MOS supplementation. Kocher (2007) also reported improved laying performance and hatchability in broiler breeders in MOS-fed group than that of control.
Increased fertility and hatchability percentage in this study might be due to fact that MOS supplementation significantly increased semen quality and density of spermatozoa due to improved digestion and absorption of nutrients that ultimately increase hatchability as reported earlier by Shashidhara & Dewegowda (2003) . Other factor involved is reduction of pathogens like E. coli in the gut by MOS addition (Spring et al., 2000) and in return, promotes better absorption and utilization of nutrients necessary for quality health of breeders. Strain variation is main factor that affect hatchability and fertility percent in Japanese quails. Fertility varies highly even within same strain due to improper ratio of males, infertile males in the flock and poor management (Malago & Baitilwake, 2009 ). In the current study, hatchability percentage of total eggs set did not change significantly; however, the hatchability percentage of fertile eggs, infertile egg percent, and dead in-shells vary significantly in different flocks of Japanese quail breeders. Hatchability percent of fertile eggs and fertility rate of Kaleem flock was significantly better than other flocks, however, the lowest dead in-shells were recorded in Sadat flock. Present results are in accordance with the findings of Rehman & Qaisrani (2013) and Akram et al. (2014) who reported significant differences in fertility and hatchability among CBFs of laying quails. However, Haidary (2013) reported non-significant differences in fertility and hatchability among different CBFs.
Conclusion
The addition of MOS in the diet of quail breeders positively influenced the hatching characteristics of Japanese quail breeders. Out of the four flocks, birds of Kaleem flock and among treatment groups, birds feeding 0.50 % MOS-supplemented diet showed the best fertility and hatchability performance. In conclusion, 0.50 % MOS-supplemented diet might be used to obtain better production and reproduction of Japanese quail breeders.
